European vipers are ambush predators with sporadic feeding events, thereby maintaining the digestive tract empty for long periods. According to previous studies relating lizards' dietary habits and their helminth faunas, we predict poor gastrointestinal helminth communities in vipers. To test this hypothesis, we have examined the digestive tract of 86 specimens of Vipera aspis (L., 1758) and V. latastei Boscá, 1878, from several localities of the Iberian Peninsula. We found adults of only two nematode species Kalicephalus viperae (Rud., 1819) and Ophidascaris sp. and cysts adhering to the external wall on the stomach in case of two other nematode species Ascarops strongylina (Rud., 1819) and Spirurida gen. sp. All these nematodes are common parasite species in snakes, although Ophidascaris sp. has never before been recorded in Vipera sp. The low prevalence and small number of parasite species in Iberian vipers matched their low feeding rates. However, our results contrast with studies in Poland and Belarus of V. berus species, in which nematodes, as well as trematodes, are common and abundant. Rainfall rates are lower in the Iberian Peninsula than in eastern Central Europe, where amphibians are more available and consumed by V. berus. Amphibians, intermediate hosts for these helminths, have been recorded only sporadically as prey for V. aspis and V. latastei, thus supporting the absence of trematodes in both Iberian viper species. Among populations of Iberian vipers, the prevalence of parasites correlates with the feeding rate (i.e. percentage of vipers with prey), suggesting a linkage between the two parameters. In conclusion, our results suggest that several factors, including climatic characteristics of localities, feeding rates of predators, and type of prey consumed, influence the number and type of parasites in Iberian vipers.
Introduction
Studies on the community ecology of parasites in European reptiles have increased in the last decade , one of the most novel topics is the relationship between host diet and helminth communities (Roca 1999) . Correlations between parasites and host diet have been widely examined in lizards (Dearing 1993; Roca 1996 Roca , 1999 , and differences between the helminth communities parasitising herbivorous and carnivorous reptiles have been intensely studied (Petter and Quentin 1976, Martin et al. 2005) . For example, herbivorous reptiles have richer and more diverse helminth communities than carnivorous reptiles, and also harbour many nematode species (Roca 1999 . Furthermore, differences in helminth faunas have been shown among lizards with different types of feeding strategies: sit-and-wait (ambush predator) species have poorer helminth communities than widely foraging predators (Roca 1999) . Unfortunately, snakes have received less attention in this sense (Aho 1990) . Although strictly carnivorous, snakes can also be used as a model to test helminth differences according to dietary habits and foraging modes. Hence, ambush predators that consume a low number of preys per year become an extreme strategy that would presumably be correlated with their helminth fauna. For these species, we predict poor gastrointestinal helminth communities according to dietary habits characterized by long periods without feeding as they forage on few and voluminous prey (Greene 1997) . European vipers conform well to this preSkóra Stefañski DOI: 10.2478/s11686-006-0020-xdiction, being ambush predators (Bea et al. 1992) with very low feeding rates , 1980b . Although the feeding ecology of several European vipers is well known (e.g. BraZa et al. 1988 , Luiselli and Agrimi 1991 , Agrimi and Luiselli 1992 , Brito 2004 , their helminth communities are known only for some populations of the eastern Central Europe (Lewin and Grabda-Kazubska 1997 , Shimalov and Shimalov 2000 , Borkovcová and Kopriva 2005 . In the Iberian Peninsula, three viper species cohabitate in parapatric distributions: V. aspis (L., 1758) in the north-central and north-eastern belt, V. seoanei (Lataste, 1879) in the north-western corner, and V. latastei Boscá, 1878 in the rest of the Iberian Peninsula . Despite this diversity, the parasites of Iberian vipers have never been examined.
In this paper, we present the first helminthological data for several locations of two of these species, V. aspis and V. latastei, inhabiting sharply contrasting climatic areas. The aim of this study is to investigate the relationship between the helminth community and dietary parameters of V. aspis and V. latastei, specifically addressing the following issues: (1) characterization of the patterns of helminth diversity in both host species; (2) determination of eventual relationships between helminths and dietary patterns; (3) analysis of the factors (geographic, sexual, and ontogenetic) which affect parasitism rates in the Iberian vipers; and (4) comparison of helminthological data of these hosts with those of other European vipers.
Materials and methods
We analysed the digestive tract of 86 road-killed specimens of two Iberian vipers, V. aspis and V. latastei, collected in three geographic areas: eastern Andalusia (SE Spain), Catalonia (NE Spain) and the north-western part of Burgos province (N Spain; see Fig. 1 for partial sample sizes and geographic situation of the areas). V. aspis and V. latastei are small and stoutbodied viviparous snakes. V. aspis is distributed throughout central and southern Europe; in the Iberian Peninsula, it occurs only in the north-eastern sector (the Pyrenees, Pre-Pyrenees, and foothills of Cantabrian chain and the north of the Iberian Mountain Range) (Gosá 2002 , Fig. 1 ). V. latastei occurs throughout most of the Iberian Peninsula, except for a narrow strip in the north where V. seoanei and V. aspis are present, and in North Africa, along some of the mountainous chains, from northern Morocco to northern Tunisia (Pleguezuelos and Santos 2002). As in other Eurasian vipers, their distribution is essentially parapatric (Duguy et al. 1979 , Saint Girons 1980a , although there are some zones of contact, as in northern Burgos province, where the two species are found in sympatry (Barbadillo 1983) .
Specimens were measured (snout-vent length, SVL in mm), dissected, and sexed by examination of gonads. When the digestive tract was removed, both the stomach and intestine were checked for prey. Recent preys in the stomach were easily identified, while preys in the intestine were determined by hair (for mammals) or scales (for reptiles) at ×400. , and geographic location of the five viper populations examined for helminth parasites. Each population includes the viper species, sample size (n) and climatic characteristic of the population: mean scores of the altitude (alt., mean altitude in meters), annual rainfall (P) and annual temperature (T) After the preys were removed, the digestive tract was analysed for the presence of helminths. Once detected, helminths were removed, washed, fixed and mounted according to standard techniques (for details see Roca 1985) . When possible, parasites were identified to the species, and the number and location within the viper's gut recorded.
The use of descriptive ecological terms (i.e. prevalence of infection, intensity and abundance of parasites) followed Bush et al. (1997) . Parasites were classified as satellite, secondary, and core species according to their prevalence in the hosts: a prevalence of 10% was adopted as the lowest limit in identifying satellite species (Kennedy and Bakke 1989) ; species with 10-30% of prevalence were considered secondary species (Hanski 1982 , Roca 1993 ; and species with a prevalence of 30% or higher were deemed core species (Roca 1993 ). Brillouin's index was used for calculating diversity according to Magurran (2004) . Contingency tables and Monte Carlo simulation for estimates of homogeneity among samples were performed with CHRXC software (Zaykin and Pudovkin 1993) .
Results
Four helminth species (all nematodes) were found parasitising both V. aspis and V. latastei (Table I ). The position in the viper's gut, and the infection parameters for each host species, are shown in Table II . The overall prevalence of infection in V. latastei was 16.4% with interpopulation differences (Andalusia 16.3%, Catalonia 33.3%, and Burgos 0.0%) close to significance (3×2 Contingency Table χ 2 = 4.86, p = 0.075, n = 67). The overall prevalence of infection of V. aspis was 26.3%, differences between populations being significant (Catalonia 50%, Burgos 9.1%, 2×2 Contingency Table χ 2 = 4.0, p = 0.0456, n = 19). No interspecific differences were found between the two Vipera species in the prevalence of infection (2×2 Contingency Table χ 2 = 0.96, p = 0.33, n = 86).
Helminth infracommunities of V. latastei comprised of two nematode species with mature stages and two species of nematodes in larval stages. Adult nematodes were Kalicephalus viperae and Ophidascaris sp., both found in the digestive tract (Table II) All the specimens of both host species with parasites in the digestive tract were sexually mature, and none of the 19 juveniles of both viper species had digestive parasites. The adult vipers from Andalusia had no sexual differences in the preva- However, in a comparison among all populations of both species, those populations exhibiting higher feeding rates (i.e. higher percentage of vipers with prey) had higher prevalence of helminth parasites in the digestive tract (Fig. 2) , although this pattern was not statistically significant after arcsine-transformed percentages, perhaps due to the small sample size (Spearman R = 0.7, p = 0.19, n = 5).
Discussion
Since V. aspis and V. latastei had never before been helminthologically investigated in Iberian Peninsula , the four nematode species mentioned here are new location records for Iberian vipers. Three of these helminth species, Kalicephalus viperae, Ascarops strongylina (larvae) and Spirurida gen. sp. (larvae) are common species in other European vipers (Sharpilo 1976) . Ascaridoid nematodes of Ophidascaris spp. are commonly found parasitising snakes worldwide (Martins et al. 2003 ) although they have not been recorded in Vipera spp. (Yorke and Maplestone 1969, Sprent 1984) . Thus, this is the first record of this nematode genus in snakes of the genus Vipera. The parasites K. viperae and Ophidascaris sp. can be considered snake specialists (sensu Edwards and Bush 1989) since they parasitise only this group of reptiles (Yorke and Maplestone 1969, Sharpilo 1976) , whereas A. strongylina and Spirurida gen. sp. (larvae) appear to be generalist species as they also parasitise other reptiles such as lizards and skinks (Sharpilo 1976 ).
In the Iberian viper species here considered, all nematode species occurred at low prevalence. No core or secondary species could be identified, and only Ophidascaris sp. from V. aspis could be considered a satellite species (Kennedy and Bakke 1989) . The low values of prevalence and mean intensity of infection (Table II) indicate that many members of the helminth infracommunities (all of them in the case of V. aspis) occur only irregularly and occasionally . This disagrees with the typical pattern of helminth infection in many reptiles, characterized by the following patterns: (1) few species occurring frequently, (2) few species occurring with moderate prevalence, and (3) many species appearing, but in very low proportion (Aho 1990, Martin and . Furthermore, our results contrast with other data on European and American vipers (Lewin and Grabda-Kazubska 1997, Dias et al. 2004 ). For example, recent studies on helminth communities of Vipera berus in Eastern Europe showed that this viper harboured 19 and 13 helminth species in Poland and Belarus, respectively (Lewin and Grabda-Kazubska 1997, Shimalov and Shimalov 2000) .
Both V. aspis and V. latastei do not usually feed on amphibians (Bea 1998, unpubl . data of authors), and this would be the reason for the absence of trematodes as viper parasites, as these platyhelminths which frequently use amphibians as intermediate hosts (see Dollfus 1954 ). In a current study including 347 specimens of V. latastei throughout the Iberian Peninsula, only 1.7% of prey were amphibians, all of them belonging to vipers collected in rainy areas (more than 2000 mm annual rainfall). By contrast, in a Polish population, 15.9% of the prey of V. berus were amphibians (Pomianowska-Pilipiuk 1974); it corresponds with the high presence of trematodes in the digestive tract of this species. Nine trematode species have been found parasitising V. berus in Poland (Lewin and Grabda-Kazubska 1997) , eight of which were found in the same host in Belarus (Shimalov and Shimalov 2000) . In both areas, the trematode Alaria alata was the helminth with the highest prevalence rate, and was associated with the consumption of amphibians by vipers (Lewin and Grabda-Kazubska 1997, Shimalov and Shimalov 2000) . Habitats occupied by V. latastei and V. berus in the Iberian Peninsula and Eastern Europe, respectively, are different. In Poland and Belarus habitats are wetter than those inhabited by Iberian vipers, this allowing higher availability of amphibians as prey for vipers. This confirms that physiography (and also temperature and moisture) are critical factors explaining differences in helminth infections of reptile hosts (Martin and Roca 2004) .
Availability of intermediate hosts may be another factor involving the differences between V. latastei and V. aspis from the Iberian Peninsula, and V. berus from Eastern Europe. Thus, the distribution of Ophidascaris sp. in snakes is limited by this factor (Sprent 1984) . On the other hand, when the snakes are parathenic or intermediate hosts for helminth species (Ascarops strongylina and Spirurida gen. sp. in the case of Iberian vipers), the diversity and abundance of larval Vl-C, n=12
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Vl-B, n=12 % of vipers with helminths % of vipers with prey helminths depend on the overlap in the host range with other vertebrates (mammals and birds) that support the species in the region (Sharpilo et al. 2001) . Mammals such as the wild boar (Sus scrofa) and the hedgehog (Erinaceus europaeus) have been recorded as predators of V. aspis and V. latastei in Spain (Bea 1998, Bea and BraZa 1998) , adults of A. strongylina being common parasites of Suidae (Yamaguti 1961) .
Regarding the diversity of the helminth community of V. latastei, the mean value of Brillouin's diversity index has proved to be one of the lowest among all values known for European reptiles (Roca and Hornero 1994; Biserkov and Kostadinova 1998; Roca 1999; Sanchis et al. 2000; Roca 2004, 2005 ). Brillouin's index was lower only in the case of Podarcis carbonelli (Sauria, Lacertidae) from a peculiar area of northwest Portugal (Galdón et al. 2006 ). This low diversity, which agrees with the general pattern found in snakes (Aho 1990) , might be explained in the following terms: (1) Iberian vipers occupy drier habitats than other European vipers; hosts associated with aquatic habitats harbouring richer and more diverse communities than terrestrial reptile hosts (Aho 1990) ; this also agrees with results for Natrix maura (aquatic snake) from Spain, which shows more rich and diverse helminth communities than the terrestrial snakes here studied ; (2) few interactions with other reptile and amphibian species in the studied populations (see Sanchis et al. 2000) ; (3) low feeding rate offering less opportunities for recruitment of parasites; (4) other general features of reptile hosts, such as ectothermy, simplicity of the alimentary canal, and low vagility, all of these exhibited by vipers (Kennedy et al. 1986 , Aho 1990 , Roca and Hornero 1994 , Martin and Roca 2004 .
The Iberian vipers exhibit low values of prevalence of gastrointestinal helminths and poor helminth infracommunities, which matched well with the low feeding rates and ambush predation (low vagility) of these snakes. In fact, V. latastei concentrates feeding activity in a low period [from June to August in males, and from April-May up to October in females according to their reproductive status (Saint Girons 1980b , Brito 2003 . data of authors)]. Among Iberian populations, differences in the parasitism rates apparently correlated with differences in feeding rates (Fig. 2) , suggesting a linkage in the feeding habits/rates and presence and frequency of gastrointestinal parasites, as reported in lizards (see Roca 1999) . However, European vipers of similar life-history traits (e.g. V. berus) show higher rates of parasitism than Iberian vipers. Thus, the differences in the number of parasites among viper populations and species could be explained by several biotic and abiotic characteristics of the hosts.
